A novel Gram-stain-negative, strictly aerobic, non-flagellated and rod-shaped bacterium, designated HF004
In recent years, many new taxa have been described in the class Gammaproteobacteria and its classification has evolved considerably. A new family named Halieaceae in the class was proposed by Spring et al. [1] . The family comprises eight genera at present, Halioglobus [2] , Chromatocurvus [3] , Congregibacter [4] , Haliea [5] , Luminiphilus [6] , Pseudohaliea [6] , Parahaliea [7] and Marimicrobium [8] . The family encompasses mainly bacteria inhabiting marine environments, especially coastal areas. In the cellular fatty acid patterns of most of the strains, unsaturated fatty acids (C 16 : 1 or C 18 : 1 ) are dominant. The G+C content of genomic DNA ranges from 52 to 66 mol%. At the time of writing, the genus Halioglobus comprises two species: Halioglobus pacificus and Halioglobus japonicus [2] . Members of the genus Halioglobus are Gram-stain-negative, non-motile, strictly aerobic and isolated from marine environments. In this study, we report the description of a novel Halioglobus species that was isolated from a marine sediment sample collected from the coast of Weihai, China (122 03¢ 47 † E, 37
31¢ 59 † N) in September 2013.
The marine sediment sample was serially diluted to 10 À5 with sterilized seawater, and 0.1 ml aliquots of each dilution were spread onto marine agar 2216 (MA; Becton Dickinson). After primary isolation and purification, strain HF004
T was routinely grown on MA at 28 C for physiological, biochemical and chemical analysis, and stored at À80 C in 15 % (v/v) glycerol with 1 % (w/v) NaCl. Two type strains, H. pacificus KCTC 23430
T and H. japonicus KCTC 23429 T , were obtained from the Korean Collection for Type Cultures (KCTC) for comparative purposes.
The genomic DNA of strain HF004
T was extracted and purified using a bacterial genomic DNA extraction kit (MiniBEST Bacteria Genomic DNA Extraction Kit, version 3.0; TaKaRa). Amplification and sequencing of the almost-complete 16S rRNA genes were performed as previously reported [9] . Furthermore, the draft genomes of strain HF004
T and H. japonicus KCTC 23429 T were sequenced by Majorbio (Shanghai, China) using Illumina Xten sequencing technology. The percentage of conserved proteins (POCP) between strains HF004
T and H. japonicus KCTC 23429 T was calculated according to Qin et al. [10] . The determined 16S rRNA gene sequence was submitted to GenBank and the EzTaxon-e server (www.ezbiocloud.net/) to search for similar sequences [11] . Phylogenetic trees were reconstructed using neighbour-joining, maximum-likelihood and maximum-parsimony methods using MEGA version 7.0 [12] . Kimura's two-parameter model [13] was used to estimate the evolutionary distances for the neighbour-joining tree. Bootstrap analyses (1000 replications) were carried out to evaluate the tree topologies [14] .
A nearly full-length 16S rRNA gene sequence of strain HF004 T (1458 bp) was obtained in this study. Strain HF004 T was most closely related to H. pacificus (96.1 %) and H. japonicus (95.6 %). In addition, the neighbour-joining phylogenetic tree based on 16S rRNA gene sequences indicated that strain HF004 T formed a distinct branch with H. pacificus and H. japonicus (Fig. 1 ). This topology was also supported by the maximum-likelihood and maximum-parsimony trees (Figs S1 and S2, available in the online version of this article). Draft genome sequencing of strain HF004
T yielded a genome of 4 664 847 bp in length after assembly, producing 59 scaffolds. The number of large scaffolds (>1000 bp) was 46, and the largest length was 551 578 (N 50 =224 682). Draft genome sequencing of strain H. japonicus KCTC 23429 T yielded a genome of 4 064 195 bp in length after assembly, producing 21 scaffolds. The number of large scaffolds (>1000 bp) was 15, and the largest length was 1 296 195 (N 50 =1 146 205). The POCP value between strains HF004
T and H. japonicus KCTC 23429 T was 61.5 %, which was higher than the proposed 50 % cut-off for the genus boundary of prokaryotic lineages [10] . Based on the results of sequence similarity and phylogenetic position on the trees, strain HF004
T was considered as a novel species of the genus Halioglobus.
Phenotypic features of strain HF004
T were determined after cultivation on MA for 72 h at 28 C. Gram staining was carried out as described by Smibert and Krieg [15] . Cell morphology and size were examined by light microscopy (Ci-L; Nikon) and by using a Nova NanoSEM450 scanning electron microscope (FEI; Fig. S3 ) at the Analysis and Testing Centre for Physics, Chemistry and Material, Shandong University. Motility was determined by the hanging drop method. Gliding motility was examined as described by Bowman [16] . Growth at 4, 10, 15, 25, 28, 30, 33, 37, 42 and 45 C was investigated on MA. Growth at various NaCl concentrations (0.0-10.0 % at intervals of 0.5 %, w/v) was investigated in the following medium (g l À1 ) (yeast extract, 1; peptone, 5; ferric citrate, 0.1 and agar, 18), prepared with artificial seawater (MgSO 4 
) at 28 C. The effect of pH on growth was determined through cultivation in marine broth 2216 (MB; Becton Dickinson) with different buffer systems as described by Xia et al. [17] . Growth under anaerobic and microaerobic conditions were determined on MA with or without 0.1 % (w/v) NaNO 3 after incubation for 14 days in an anaerobic jar. Oxidase and catalase activities were determined by oxidase reagent (bioM erieux) and 3 % (v/v) H 2 O 2 solution, respectively. The ability to hydrolyse Tweens 20, 40, 60 and 80, as well as agar, starch and cellulose and the reduction of nitrate were tested according to the method of Dong and Cai [18] . Susceptibility to antibiotics was performed on MA using filter-paper discs containing various antibiotics as described previously [19] , and according to the Clinical and Laboratory Standards Institute [20] . Other physiological and biochemical characteristics were examined using API ZYM, API 20E kits and API 50CHB identification systems (bioM erieux) and the Biolog GEN III microplates. All the API tests were performed according to the manufacturer's instructions, except that the suspension media for API test strips were adjusted to 3 % (w/v) NaCl (final concentration).
Haliea salexigens 3X/A02/235 T (AY576769)
Haliea atlantica SM1351 T (KM117233)
Chromatocurvus halotolerans EG19 T (AM691086)
Congregibacter litoralis KT71 T (AAOA01000004)
Pseudohaliea rubra CM41_15a T (EU161717)
Parahaliea mediterranea 7SM29 T (FN398053)
Luminiphilus syltensis Ivo14 T (ACCY01000000)
Halioglobus lutimaris HF004 T (KR528479)
Halioglobus japonicas S1-36 T (AB602427)
Halioglobus pacificus S1-72 T (AB602430)
Spongiibacter marinus HAL40b T (AM117932)
Spongiibacter tropicus CL-CB221 T (EF988653)
Zhongshania guokunii ZS6-22 T (FJ889678)
Zhongshania antarctica ZS5-23 T (FJ889619)
Microbulbifer hydrolyticus IRE-31 T (U58338) 
Cells of strain HF004
T were Gram-stain-negative, rodshaped and formed circular, mucous and beige-pigmented colonies on MA after incubation for 72 h at 28 C. Growth occurred at 15-37 C (optimal 28 C), at pH 6.0-8.5 (optimal pH 7.5-8.0), in 0.5-6.0 % (w/v) NaCl (optimal 2.0-3.0 %). Cells of the strain HF004
T were susceptible to erythromycin (15 µg), streptomycin (10 µg), penicillin G (10 µg), norfloxacin (10 µg), cefotaxime (30 µg), gentamycin (10 µg), ofloxacin (5 µg), sulfamethoxydiazine (5 µg), ceftriaxone (30 µg) and acetylspiramycin (30 µg), but were resistant to vancomycin (30 µg), tetracycline (30 µg), lincomycin (2 µg) and clindamycin (30 µg).
Strain HF004
T shared many similar phenotypic features with two closely related type strains: H. pacificus KCTC 23430 T and H. japonicus KCTC 23429 T . All strains were Gram-stainnegative, strictly aerobic, non-motile and non-gliding. All of them showed positive reactions for nitrate reduction, alkaline phosphatase, esterase (C4), esterase lipase (C8), valine arylamidase, cystine arylamidase and acid phosphatase, and acid production from D-ribose, but negative reactions for indole and H 2 S production, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and b-fucosidase. In addition, several differences were also found to be useful for distinguishing strain HF004
T from species of the genus Halioglobus. Strain HF004 T could not grow at 10 C. Furthermore, strain HF004 T was rod-shaped, negative for oxidase activity and positive for acid production from D-glucose, D-fructose, sucrose and glycogen. These characteristics differed from species of the genus Halioglobus. Detailed morphological and physiological characteristics are shown in Table 1 and the species description.
For chemotaxonomic analysis, cells at the end of the logarithmic phase (i.e. after growth in MB for 72 h) were harvested and freeze-dried. Respiratory quinone was extracted, purified and analysed by high-performance liquid chromatography as described by Kroppenstedt [21] . The predominant respiratory quinone of HF004 T was Q-8, which was in line with the genus Halioglobus.
Polar lipid analysis was carried out by the Identification Service of the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany. Polar lipids were extracted from freeze-dried cells, and separated by two-dimensional silica gel thin-layer chromatography as described by Tindall et al. [22] . The major polar lipids of strain HF004
T were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol. Five undefined phospholipids and an aminophospholipid were present in moderate to minor amounts in the polar lipid profile (Fig. S4) .
Fatty acids were extracted, methylated and analysed using the standard protocol of the Microbial Identification System Table 1 . Differential characteristics of strain HF004
T and the related species
Strains: 1, HF004 T ; 2, Halioglobus pacificus KCTC 23430 T ; 3, Halioglobus japonicus KCTC 23429 T . All data were from this study except the DNA G+C contents of the reference strain. All strains were Gram-stain-negative, strictly aerobic and beige-pigmented. Each of them showed positive reactions for alkaline phosphatise, esterase (C4), esterase lipase (C8), valine arylamidase, cystine arylamidase and acid phosphatise, and acid production from D-ribose. And their main respiratory quinone was Q-8. +, Positive; À, negative. (Sherlock Version 4.5; MIDI database: TSBA40) [23] . The major fatty acids (>10 %) of strain HF004 T were summed feature 3 (i.e. C 16 : 1 !7c and/or iso-C 15 : 0 2-OH) (23.6 %), C 17 : 1 !8c (13.1 %) and C 18 : 1 !7c (10.8 %), which were similar to those of H. pacificus KCTC 23430
T and H. japonicus KCTC 23429 T with differences in the proportions of some fatty acids (Table S1 ). The G+C content of DNA was determined from the mean G+C content of the draft genome. The DNA G+C content of the novel isolate was 57.2 mol%, which was similar to the genus Halioglobus (59.4 %-59.6 mol%) [2] .
The results of the phenotypic, genotypic, chemotaxonomic and phylogenetic analyses suggest that strain HF004
T is a novel species belonging to the genus Halioglobus, for which the name Halioglobus lutimaris sp. nov. is proposed.
EMENDED DESCRIPTION OF HALIOGLOBUS PARK ET AL. 2012
The description of the genus Halioglobus is as given by Park et al. [2] with the following amendments: oxidase and catalase reactions may vary. Cells are coccoid or rod shaped.
DESCRIPTION OF HALIOGLOBUS LUTIMARIS SP. NOV.
Halioglobus lutimaris (lu.ti.ma¢ris. L. n. lutum mud, sediment; L. gen. n. maris of the sea, marine; N.L. gen. n. lutimaris of marine sediment).
Cells are Gram-stain-negative, strictly aerobic, rod shaped (0.4-0.5 µm in width and 0.7-1.5 µm in length), non-motile and non-gliding. After cultivation on MA at 28 C for 72 h, colonies are beige, mucous, convex and circular (0.5-0.8 mm in diameter). Growth occurs at 15-37 C (optimum, 28 C), at pH 6.0-8.5 (optimum pH 7.5-8.0) and with 0.5-6.0 % (w/v) NaCl (optimum 2.0-3.0 % NaCl). Cells are positive for catalase, but negative for oxidase activity. Tweens 20, 40, 60 and 80 are hydrolysed, but agar, starch, alginate and cellulose are not. Nitrate is reduced. Citrate utilization is positive, but H 2 S production and Voges-Proskauer reaction are negative. Alkaline phosphatase, leucine arylamidase, esterase (C4), esterase lipase (C8), valine arylamidase, cystine arylamidase, acid phosphatise and naphthol-AS-BIphosphohydrolase activities are present, but lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase, b-fucosidase and N-acetyl-glucosaminidase activities are absent. Acid is produced from D-ribose, D-tagatose and potassium 5-ketogluconate. Gentiobiose, glucuronamide, a-keto-glutaric acid, sucrose, turanose, acetoacetic acid, acetic acid and L-malic acid are oxidized. The major cellular fatty acids are summed feature 3 (i.e. C 16 : 1 !7c and/or iso-C 15 : 0 2-OH), C 17 : 1 !8c and C 18 : 1 !7c. The major polar lipids are diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol. The predominant respiratory quinone is Q-8.
The type strain, HF004 T (=KCTC 42395 T =MCCC 1H00127 T ), was isolated from a marine sediment sample collected from the coast of Weihai, China (122 03¢ 47 † E, 37 31¢ 59 † N). The genomic DNA G+C content of the type strain is 57.2 mol%.
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